abstract It has been reported that individuals with autism spectrum disorder (ASD) have abnormal responses to the sensory environment. For these individuals sensory overload can impair functioning, raise physiological stress, and adversely affect social interaction. Early-stage (i.e. within 200 ms of stimulus onset) auditory processing abnormalities have been widely examined in ASD using event-related potentials (ERP), while ERP studies investigating early-stage visual processing in ASD are less frequent. We wanted to test the hypothesis of early-stage visual processing abnormalities in ASD by investigating ERPs elicited in a visual oddball task using illusory figures. Our results indicate that individuals with ASD have abnormally large cortical responses to task irrelevant stimuli over both parieto-occipital and frontal regions-of-interest (ROI) during early stages of visual processing compared to the control group. Furthermore, ASD patients showed signs of an overall disruption in stimulus discrimination, and had a significantly higher rate of motor response errors.
introduction
Autism Spectrum Disorder (ASD) includes three conditions sharing a similar core symptomatology: Autism, Asperger syndrome, and Pervasive Developmental Disorder Not Otherwise Specified (PDD-NOS). ASD is characterized by severe disturbances in reciprocal social relations, varying degrees of language and communication difficulty, and restricted, repetitive and stereotyped behavioral patterns [1] . It has also been suggested that individuals with ASD have sensory abnormalities indicated by hypersensitivity and an extraordinary interest in certain sensations [2] . In fact, it has been proposed that sensory-perceptual abnormalities are present in approximately 90% of individuals with autism [3] . An avoidance of external stimulation in ASD may be due to altered inhibitory control of sensory intake [4] , and for these individuals sensory overload can impair functioning, raise physiological stress, and adversely affect social interaction [5] . [6] and consist of component waveforms spanning from as early as 50 ms poststimulus to up to 600-1000 ms post-stimulus.
For example, in the components N100 and P200 the letter indicates the polarity and the number indicates the period after onset of the stimulus, i.e. 100 is in the 100-200 ms period (or earlier) and 200 is in the 200-300 ms period [7, 8] . Generally components in the first 50- 200 ms are considered early, exogenous field potentials reflecting 'pre-attentive' processes and the processing of physical attributes of a stimulus [9, 10] while those after 200 ms represent endogenous field potentials reflecting polymodal associative processing and laterstage attentional processes (e.g. sustained attention, perceptual closure) [11] [12] [13] .
Auditory processing abnormalities have been widely examined in ASD using ERPs (see [14] for review). Briefly, individuals with ASD have been shown to have normal brainstem auditory evoked potentials (AEPs) [15, 16] .
However, the most consistently reported auditory ERP abnormality is attenuated amplitude of the centroparietal P300 in various auditory stimulus presentation paradigms in ASD patients of all ages [17] .
Also, the short-latency fronto-central N100 has reliably been found to be attenuated in amplitude and latency during tasks involving target detection and tones of varying frequency and intensity [18] [19] [20] [21] .
Furthermore, the mismatch negativity (MMN), a large negative deflection occurring when frequent stimuli are subtracted from infrequent stimuli, has commonly been found to be prolonged in latency in response to pitch deviants [22] [23] [24] .
ERP studies investigating early-stage visual processing in ASD are less frequent (see [6] for review) especially in comparison to other psychopathologies like schizophrenia [25] [26] [27] [28] [29] .
ERP studies of visual processing commonly employ an 'oddball' discrimination task in which the participant responds to an infrequent target stimulus among more frequent nontarget stimuli [30] . Most investigations into visual processing in ASD have focused on higher-level, long-latency ERPs, like the P300 [31] [32] [33] [34] [35] [36] [37] [38] [39] . In brief centroparietal P300 amplitude has been found to be similar [31] [32] [33] 38, 39] reduced [34, 37] and augmented [36] in ASD patients to target stimuli compared to controls.
Remarkably to our knowledge there have only been two studies reporting on short-latency (i.e., 50-200 ms) visual ERPs in ASD and one was by our group [40] ; Courchesne et al. [32] included the N100 and P200 among later components in their analysis.
Visual processing is based on a core system consisting of occipito-temporal regions in extrastriate visual cortex [41] although parietal [42] and frontal [43] regions also play a role in directing visual attention. The earliest electrical sign of cortical activity observed in humans (commonly referred to the P100) during visual tasks [44] can occur as early as 50 ms post stimulus [45] to as late as 160 ms depending on topography and visual task and reflects early categorization and recognition processes [46] .
The visual P100 likely has posterior generators in the primary visual cortex, extrastriate areas [29] and fusiform gyrus [47] , while the anterior P100 likely reflects the activation of frontal generators [43] . The P100 may reflect early sensory processing of attended stimuli [41] and is generally larger to attended visual stimuli thus giving evidence of orientated attention [48] . We will refer to this early visual component as P50 instead of P100 due to the peak latency after stimulus onset (i.e., 40-90 ms poststimulus over parieto-occipital sites and 40-100 ms post-stimulus over frontal sites).
The visual N100 directly follows the P100 and is similarly considered an index of stimulus discrimination [49, 50] . The N100 is generally defined within a time window starting as early as 70 ms post stimulus onset [32] to as late as 180 ms post stimulus onset [29] . Over posterior electrode sites the visual N100 is probably generated by dipoles in lateral extrastriate cortex [51] with a contribution from parietooccipital and occipito-temporal areas [49, 52] ; while the visual N100 over frontal electrode sites most likely is reflective of frontal generators [43] . The visual N100 generally is augmented during attentional stimulus processing, which is also know as the 'N1-effect' [53] , and is larger towards task-relevant target stimuli [7, 48] .
The visual P200 over frontal electrode sites is generally found in a latency range of 180-320 ms poststimulus and has been reported in working memory and attention tasks. 
Three stimuli visual oddball with illusory Kanizsa figures
In this task subjects were required to respond with a button-press to rare (25% probability) Kanizsa squares (targets) among Kanizsa triangles (rare non-target distracters, 25% probability) and non-Kanizsa figures (standards, 50% probability). The stimuli were presented for 250 ms with inter-trial intervals 
Behavioral measures
Behavioral response measures were mean reaction time (in ms) and response accuracy 
Statistical analysis
Statistical analyses were performed on the subject-averaged behavioral and ERP data with the subject averages being the observations. 
results
The mean age of 15 participants enrolled in the ASD group was 13. (Figures 3 and 4) . 
discussion
Over parieto-occipital ROI we found P50 amplitudes to be significantly more positive to non-target Kanizsa stimuli in the ASD group compared to the control group. P50 latency over parieto-occipital ROI was also significantly reduced in the ASD group to non-target Kanizsa figures at the right ROI compared to the control group. The early P50 potential in visual tasks is associated with the sensory processing of attended stimuli and is generally larger to attended stimuli [48] . These results may point to sensory over reactivity in individuals with ASD in early stages of visual processing especially to task irrelevant stimuli. Our earlier study [40] found similar results in a traditional visual three-stimuli oddball task over frontal electrode sites: ASD patients had significantly increased amplitudes of this early positivity to irrelevant distracter stimuli compared to controls. As altered inhibitory control of sensory intake [4] , sensory overload [5] , and hypersensitivity [2] have all been associated with ASD, these results at early stages of visual processing are not surprising.
Also, over parieto-occipital ROI the latency of N100 was significantly prolonged to target stimuli in the ASD group relative to the control These results corroborate with our previous paper [40] where we found an augmented N100 amplitude to target stimuli over frontal ROI as well as a prolonged N100 latency to targets over centroparietal ROI in ASD patients.
Amplified and delayed responses to rare, target stimuli in the ASD group may point to visual hypersensitivity and increased general arousal relative to controls, and this may disrupt and delay the processing of target stimuli.
Courchesne et al. [32] reported larger N100 amplitudes at the Cz electrode to all stimuli (Target, Novel, Background) in autistic patients compared to controls, but the group differences were not found to be significant. These findings may also point to augmented visual responses in ASD during early stages of processing. P200 amplitude over frontal ROI was found to be equally more positive to all stimuli in the ASD group with a lack of stimulus discrimination; this is similar to our previous findings [40] where P200 amplitude over frontal ROI was found to be more positive to all stimuli in the ASD group' where in the control group P200 amplitude was more positive to targets. The P200 over frontal ROI has been associated with the hierarchal selection of task-relevant features [54] . In 
